Abstract. The aim of this paper is to analyze the occurrence of the so called day of the week effects in market return time series from the period of January 2003 to September 2013 (and additionally January 1999 to December 2002). The study focuses on four indices of the Warsaw Stock Exchange (WIG, WIG20, mWIG40 and sWIG80) and additionally five indices of major world stock exchanges (NIKKEI 225, DAX, CAC40, S&P 500, and IBEX). The main data sample was divided into three subperiods in order to determine whether or not the intensity of day of the week anomalies is constant in time. The study revealed a substantial number of the day of the week anomalies in earliest subperiods and very limited evidence of those effects in later ones, giving rise to the conclusion that the intensity of the day of the week anomalies is diminishing with time. The most common effect identified on the WSE was a positive Friday effect. The Monday effect often described in early literature on the subject matter seems to currently occur very rarely. The study also indicates that the day of the week effects were more persistent among stocks with smaller market capitalization on the WSE.
Introduction
Researchers of equity markets for decades have been trying to explain the variations in returns from financial instruments listed on markets all over the world. If a variation cannot be explained by an established market model it is often considered as a pricing anomaly. Price anomalies caught the attention of investors and economists in the early 80s of the past century, some of those are known as calendar anomalies. The aim of this paper is to establish whether or not the day of the week effects can be found in the time series of market returns from the Warsaw Stock Exchange (WSE), and to compare those outcomes with other more established stock markets.
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Since the 70s the concept of effective capital markets is a cornerstone of classical finance. The efficient market hypothesis (EMH) in its weak form states that the analysis of historical rates of returns should not provide any useful information in determining the future returns, and hence would not allow to obtain above average gains from only that source of information. Because of that, under the EMH no long lasting seasonally recurring patterns should exist in the stock market prices. However, many studies provide evidence that there exist some temporal regularities in the time series of market returns on stocks, what indicates that market returns may be dependent on: the time of the day, the day of the week or the month of the year.
The calendar anomalies are based on the assumption that historical changes in prices of financial instruments contain information that may provide some viable predictions for their future values. In other words studies of market anomalies suggest that investors may utilize the outcomes of historical anomalies in order to forecast future market prices and thus obtain abnormal profits. Hence the calendar anomalies are not in line with the weak form efficiency of the EMH. The most common calendar anomalies are: "the day of the week effect" and the "January effect" which are the regularities in price changes on certain days of the week and on certain months in the year respectively. This paper examines the period of January 2003 -September 2013, subdivided into three subperiods in order to establish whether the possible anomalies are present throughout the whole data sample or whether their intensity changes. The paper examines if the possible changes in intensity of the anomalies can be explained with the passage of time (as information on the anomalies becomes more widespread) or by changing market conditions in relation with the recent financial crisis. Additionally a period of January 1999 -December 2003 was also analyzed. The following indices have been included in this study: WIG, WIG20, mWIG40, sWIG80, NIKKEI 225, DAX, CAC40, S&P 500, and IBEX.
Deviations from the efficient market hypothesis
A significant number of studies conducted on equity markets, revealed some recurring deviations from market efficiency, which can be described as market anomalies. Market is efficient with respect to information when it is not possible to obtain an abnormal profit with the use of that information. In practice it may happen that the market is not fully efficient. When certain investment strategies allow to obtain an abnormal rate of return or when the market has a lagged reaction to certain types of information or when it overacts to information then it most likely means that the market is not efficient. Figure 1 . shows a hypothetical reaction to positive information with a possible under-reaction and overreaction.
In the case of an efficient market the price of the share expresses the new information without delay when it reaches the market (day 0. in Figure 1.) , hence the information does not result in any other price changes at any other time. The dotted line represents an overreaction to the release of new information and a further adjustment to the adequate price level. The dashed line represents a market that has a prolonged reaction to new information. Source: (Jamróz, 2011, p. 27) The analysis of anomalies is usually based on the observation of long term financial time series for the studied effect and its repetitions. The time series should have a significant length as it lowers the probability of detecting incidental or one-off phenomenon. The continuation of the anomaly is a necessary condition for creating profitable investment strategies (Woś, Żarnowski, 2000, p. 38) .
Classification of equity market anomalies is not an easy task. It happens that an observed phenomenon might be classified to two or more different categories. On the other hand sometimes it is also hard to determine whether the observed anomaly is a new unique effect or only a modification of an earlier occurrence. (Szyszka, 2003, p. 59) It is possible to distinguish three basic segments of divergences from the EMH, those are: calendar anomalies, fundamental anomalies and market under and overreactions (see figure 2.).
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Calendar anomalies exist when the rate of return on the investment depends on the timeframe in which it is measured. The most common examples of calendar anomalies include: the January effect, the day of the week effect, and the hour of the day effect. New anomalies are constantly being described in literature. Historically it was noted that the DJIA index has never had a decline in price over a year ending in 5. The January effect is amongst the most established anomalies, many studies indicate that the average rates of return are significantly higher in the first month of the year; see eg.: (Keim 1983) , (Roll, 1983) , or (Lakonishok and Smidt, 1988) . It is most apparent in prices of companies with a relatively small market capitalization.
The day of the week effects were first identified on the American market. Monday rates of return were on average lower than the rates of return on other days of the week and Friday rates of return were generally higher (so called weekend effect). In their study Smirlock and Starks (1986) recognized an hour of the week effect, according to which the returns on the first trading hour of Monday were on average negative and positive on the first trading hours of other days of the week. An extensive empirical study on the temporal distribution of rates of return within a month was conducted by Ariel (1987) in which he demonstrated that the majority of increases in stock prices occurred in the first half of the month. The studies conducted by Szyszka (Szyszka, 1999, pp. 55-58) indicate some regularity in temporal distribution of the rates of return on the WSE, such that the average return on Mondays is higher than that on other days of the week. (Jamróz, 2011, p. 29) The Occurrence of the Day-of-the-Week Effects on Polish... Fundamental anomalies are a relation between the rates of return on a specific stock with its certain fundamental characteristic. This group of anomalies includes: the market capitalization effect (size of the company effect), eg. (Banz, 1981, pp. 3-18) , (Reinganum, 1983, pp. 89-104) , the price to earnings effect (P/E), the effects of market indicators based on the value of Market Equity and the high dividend effect. Calendar and fundamental anomalies may be interpreted as proofs against the medium form efficiency of the markets and under or overreactions as proofs against the weak form market efficiency (Grotowski, 2003, pp. 133-134) .
Many studies indicate that the deviations from the market efficiency are not long lasting and gradually diminish with time. Sometimes the obtained results are dependent on the utilized statistical methods or on the selected timeframe. Apart from the fact that some anomalies lose their intensity when they are described in literature and are in turn more known. An example of that is the January effect and the small companies effect on the WSE (Siwek, 2000, pp. 150-163) .
A survey of selected studies of the day of the week effects
Since seasonality of stock market returns allows for a certain level of predictability of future prices, it is not in line with the EMH. Despite that a lot of evidence of seasonality of market returns can be found in financial literature. The day of the week effects have been described independently in a number of papers (eg. (French, 1980) , (Gibbson, & Hess, 1981) and (Keim, & Stambaugh 1985) ) which show that on the American market average rates of return on Mondays were significantly lower and on Fridays significantly higher than average rates of return on other days of the week.
The observation of the weekend effect gave rise to the question of when exactly are the negative returns (observed on Mondays) realized. This could either happen between the end of the trading session on Friday and the beginning of trading on Monday or only during the Monday trading session. A study by Rogalski (1984) provides evidence that the decline in price happens during the weekend when the market is closed. Smirlock and Starks (1986) confirmed the findings of Rogalski for the period of 1974-1983, however their study also showed that the exact opposite was true for earlier years (the entirety of negative returns was realized during the Monday trading session). Lakonishok and Maberly (1990) , analyzed the existence of weekend effects in relation to institutional and individual investors. Their study shows that individual investors are more active on Mondays in relation to institutional investors. The reason for that was the fact that individual investors would undertake investment decisions during the weekends and exercise them on Mondays. Moreover the individual investors are more likely to conduct sales of stocks as their first transactions of the week, as they want to obtain funds for consecutive purchases. On the other hand many institutional investors would start planning their transactions on Monday meetings and conduct the majority of those on later days.
There is a substantial amount of studies on the day of the week effects on other markets outside of the United States. Kiymaz and Berument (2003) conducted a study for stock market indices of five countries: the USA, Canada, Japan, United Kingdom, and Germany. Their findings indicate that day of the week effects were present on all of those markets for the period of 1988-2003, however the distribution of those effects during the days of the weeks varied from country to country.
Tonchev and Kim (2004) A study of the Singapore Exchange (Wong, Agarwal, & Wong, 2006 ) revealed a negative Monday effect, however the effect was much less apparent after the 1997 Asian financial crisis. Kenourgios and Samitas (2008) measured the Monday effect on the Athens Stock Exchange for two subperiods (1995-2000 and 2000-2005) and discovered that the effect was much stronger in the former period and observable yet statistically insignificant in the latter, hence they concluded that the day of the week effect is becoming weaker and, at the time of the study, already had no significant impact on the prices of stocks. Basher and Sadorsky conducted an extensive study of the day of the week effects for 21 emerging markets (for the period of December 1992 -October 2003 . The paper showed that the day of the week effect was not present on many of the analyzed stock exchanges. The markets that did exhibit strong statistically significant day of the week anomalies were: Philippines, Pakistan, Taiwan, Malaysia, Thailand, and Turkey.
When it comes to the Polish stock market a study by Szyszka (2003) is an often quoted research of the calendar anomalies. The study shows that in the period of 1994-1999, contrary to the US markets, Monday rates of return on WSE were on average higher than on other days of the week. The author concludes however that the observed anomalies are rather modest in size, hence in practice it would be very hard to obtain abnormal returns based on them. Landmesser (2006) identified positive Monday and Friday effects on the WSE (period of 2002 -2005) . Similarly to Szyszka, Landmesser dismisses those anomalies as too small for an application in a successful trading strategy. A study by Grotowski (2008) , for the period of July 1999 -June 2007 did not reveal a statistically significant Monday effect, although it did find evidence for the effects of Thursday and Friday. Those effects were most apparent in the stock market indices and not in individual stocks, hence the conclusion (similar to previously quoted authors), that those anomalies although statistically significant provide little help in actual investing.
The question whether or not financial crisis has an effect on market anomalies is an open one. Some evidence can be found in a study by Gajdošová, Heryán, and Tufan (2011) conducted on 5 Central European markets: Poland, Czech Republic, Slovakia, Hungary, and Turkey. The study revealed that, to a certain extent, day of the week effects were more prevalent during the period of the recent financial crisis than in the preceding period on the Czech and Hungarian markets. No such evidence was found for the markets of Poland, Slovakia and Turkey. A different study on Central European markets (Czech Republic, Hungary and Poland) by Stavárek and Heryán (2012) , concludes that the occurrences of the day of the week effects in Central European markets are erratic and not consistent over time and that the situation remained unchanged during the period of financial crisis. Limited evidence (only indicative and certainly not conclusive) that the day of the week effects might be intensified during the financial crisis on Ukrainian and Romanian markets are presented in a study by Hourvouliades and Kourkoumelis (2010) . The same study shows however that there is no such evidence for the stock markets of Cyprus and Bulgaria, and for markets of Greece and Turkey where the day of the week effects diminish over time, despite the financial crisis.
Data and methodology
The data analyzed in this study consists of a time series of daily logarithmic returns on the four main market indices of the WSE (WIG, WIG20, mWIG40, and sWIG80) and 5 indices from major stock exchanges (NIKKEI 225, DAX, CAC 40, IBEX, and S&P 500). The returns were calculated based on the daily closing price quotes from stooq.pl service. The period of the time series ranges from January 2003 to September 2013. That period has been divided into 3 subperiods that correspond with the changes in the sit-uation on the global financial market. The division of the studied period was carried out based on the situation on the New York Stock Exchange (as it can be considered the market where the crisis originated and a proxy for the global financial outlook). The S&P 500 index peaked on 9 Table 1 . provides the basic descriptive statistics of the data. It is worth noting that all normality tests indicate that the returns are not normally distributed and that the kurtoses of all the indices but WIG20 indicate a fat-tailed distribution. It is also worth noting that many of the indices (most notably all of the WSE indices and the S&P 500 index) are heavily autocorrelated.
After the initial results were obtained an additional period of observations was added to the data sample. That period includes the returns on all of the above indices from January 1999 until December 2002.
The method used in order to detect the day of the week effects is a standard approach in determining those effects (see e.g. (Tonchev, Kim, 2004 , p. 1036 and (Kamaly, Tooma, 2009, p. 883) ). A following model was utilized in this study:
where: R t is the daily logarithmic return on day t, and D jt is a dummy variable indicating the day of the week for j = 1 to 4, D jt indicates Monday, Tuesday, Thursday and Friday respectively. α 0 , β i , and δ j are the parameters of the model.
Wednesday was dropped from the model in order to avoid the so called dummy variable trap. If all five trading days were included in the observation matrix then every other column of the matrix would be a linear combination of the five columns, hence the matrix would not be invertible and it would be impossible to estimate the model. The model includes a number of lagged returns in order to account for the autocorrelation in the return series. In each case the number of lagged returns (from 1 to 3) was 
Empirical results
The results of this study are summarized in tables 2-5. The parameters δ 1 through δ 4 , indicate the Monday, Tuesday, Thursday and Friday effects respectively. The sign of the estimated parameters indicate the direction of the effect and the respective p values indicate the statistical significance of the effects. Instances where there is evidence of a statistically significant day of the week effect are highlighted with bold font. It is clear that when the whole sample of observations from the studied period is considered (Table 2) , there is little indication that the day-of the week effects are taking place, especially for big markets and companies with big market capitalization. The only effects that demonstrate statistical significance are related to the small companies' index sWIG80 of the Warsaw Stock Exchange, those are a negative Tuesday effect and a positive Friday effect. Both effects were significant at 95% confidence level. This may indicate that (at least on Polish stock market) the day of the week effects are more prevalent and durable on smaller markets and smaller classes of assets and that investors trading with more established stocks are faster to incorporate new information about market anomalies in their trading strategies.
Data from the first analyzed subperiod (January 2003 to October 2007) that corresponds to the pre-crisis market growth (Table 3) demonstrates more instances of statistically significant day of the week effects. Those are: positive Friday effects on all four indices of the Warsaw Stock Exchange, a negative Tuesday effect on the main WIG index and a positive Monday effect on the WIG20 index. It is interesting to observe that in this timeframe all indices of the Warsaw Stock Exchange consistently exhibit a positive Friday effect (although the effect was significant only at a 90% confidence level for mWIG40 index) and that again no day of the week effects could p-values are given in brackets; *, **, *** -indicate that the model parameter is statistically significant at 90%, 95% and 99% level of significance respectively (this applies to Tables 2-6).
Source: Own elaboration based on stooq.pl have been observed on other analyzed markets. Since WSE is the smallest of the six markets this seems to support the hypothesis that the day of the week effects persist longer on smaller markets. The next subperiod corresponds to the declining market of the global financial crisis (October 2007 -March 2009, Table 4 ). This period exhibits almost no statistically significant day of the week effects, apart from the Tuesday effect on the S&P 500 index. However this result is only significant at a 90% confidence level and may be only coincidental. A relative lack of day of the week anomalies can either be a result of abnormal market conditions with higher than average levels of autocorrelation and constantly declining prices or simply an outcome of the learning process as described by Shwert (Shwert, 2002 p. 45) . As investors become more aware of the day of the week abnormalities they adjust their trading strategies accordingly what in turn results in diminishing of those effects. The results from the Table 3 Results for the period: January 2003 -October 2007 Table 5 ) seem to support the hypothesis that the scope of anomalies is diminishing with time. This period on average corresponds to markets recovering from the crisis, hence it can be described as a period of moderate growth. Despite of that the amount of day of the week anomalies that can be observed is no greater than in the previous period of market decline. There has been only one instance of a statistically significant day of the week effect, that is a positive Monday effect on the sWIG80 index. This effect is more significant than the S&P 500 Monday effect from the previous subperiod and can be considered as further evidence for the hypothesis that market anomalies persist longer for smaller asset classes and on smaller markets. In order to further verify the hypothesis that day of the week effects diminish as time goes by, an additional period preceding the main data sample of this study was analyzed. The results of this additional analysis are summarized in table 6. The day of the week effects are captured by parameters δ 1 through δ 4 in the same way as in the previous subperiods. The additional period extends from January 1999 to December 2002. This Source: Own elaboration based on stooq.pl Table 6 Results for the period: January 1999 -December 2002 (additional period)
period clearly exhibits the greatest number of statistically significant day of the week effects. Furthermore those effects can be observed on markets that did not exhibit any day of the week effects in the previously analyzed timeframe. Hence those additional results provide strong evidence for the notion that market anomalies will disappear as time goes by and investors are becoming more aware of them. The effects that can be observed are: Friday effects on WIG, mWIG40, sWIG80, and DAX indices; Thursday effects on WIG, WIG20, mWIG40, DAX, CAC40, and IBEX indices; and a Monday effect on CAC40 index. It is also worth noting that all of those effects are positive.
Conclusions
This study reveals some interesting patterns in the behavior of stock market anomalies. First of all the obtained results suggest that market anomalies will became less prevalent with time especially as the information about those anomalies becomes more widespread. This supports the results obtained by Shwert (Shwert, 2002 p. 45) . Given those results it seems that investment decision making based on the historically observed market anomalies may be inadvisable and can only produce abnormal returns when the information on those anomalies is not yet widespread. Currently the day of the week effects seem to be non-existent on big established equity markets, as in the most recent analyzed subperiod the only statistically significant effect could have been observed on the sWIG80 index. Although there was no long term consistency in the case of the signs of the day of the week effects, Friday effects observed in this study were in all cases positive and most prevalent on the Polish Warsaw Stock Exchange. It may be the case that the Friday effects tend to be the last remaining day of the week effects on most markets as the anomalies diminish. In many early studies the Monday effect seemed to be the most common one, results obtained in this paper suggest that currently the Monday effect is quite rare and that the most common one is the Friday effect.
Another conclusion from the study is the indication that the day of the week effects and broadly speaking market anomalies in general may persist for the longest time on smaller markets with lower market caps. In the studied period, the day of the week effects were most common on the small companies' sWIG80 index, and were much less common on bigger markets than the Warsaw Stock Exchange. Those results seem to be in line with other studies conducted on small markets e.g. (Tonchey, Kim 2004) .
Based on the studied subperiods it seems that the prevalence of the day of the week effects is not related to the actual market situation. The sample contained subperiods of market growth that were both abundant and scarce in day of the week anomalies, although this conclusion may require a more in depth study of this phenomenon.
Although this study reveals some regularities it seems that when it comes to day of the week effects, there are no clear and consistent patterns apart from the diminishment of those effects in time, hence in practice it would be very hard to undertake sound investment decisions based on those anomalies. Furthermore it is safe to say that for the analyzed markets, day of the week anomalies are currently very weak if not non-existent.
